WELL-DEVELOPED LESIONS of atherosclerosis
have substantial amounts of lipid underlying them and cholesterol is present in this fatty debris. These facts fastened attention of early investigators on this substance and led to the supposition that cholesterol is a major factor in the evolution of the disease process. This assumption was strengthened by the production, in animals, of superficially similar lesions by dietary manipulations causing increased levels of blood cholesterol. Taken together with the apparent relationship of coronary disease and dietary lipid intake in different geographical and ethnic groups, investigators have been encouraged in their belief in the "insudation" concept of the origin of atherosclerosis. 1 There is no serious question of the fact that the main lesion of human atherosclerosis is a cellular proliferation, the fibrous plaque, and the prime cell comprising the lesion is a form of smooth muscle cell. Recent proposals concerning the pathogenesis of atherosclerosis have modified the older hypothesis to include the proliferative component." 2 -One suggestion has been that lipoproteins, since they seem to be preferred nutrients for the arterial medial cells, by their delivery in excess of usual amounts through damaged endothelium, stimulate arterial wall cell proliferation. The assumption in this and similar formulations is that the medial cells, as such, are the proliferating cells.
Comparison of the naturally-occurring atherosclerotic plaques of human beings and birds with the reparative response of mammalian aorta to injury3' 4 led us to consider an alternative to the injury-repair hypothesis currently in vogue. This was based upon the following considerations: Cells of spontaneous lesions differ from cells of normal arterial wall media and also from cells populating a repair site. They differ in size and arrangement of cells, in composition of associated extracellular material. In phenotypically distinct cell types. This is due to the fact that early in embryonic development there is random inactivation of one or the other of the two XChromosomes. Once inactivation has occurred, each cell population reproduces true to type throughout somatic growth. Given a means of distinguishing the two populations, it is possible to ask whether a pathologic new formation derives from one or from many cells.
About one-third of the black females in the population are heterozygous for glucose-6-phosphate dehydrogenase (G-6-PD) and exhibit mixtures, in tissue extracts, of the A and B forms of the enzyme as the expression of this cellular mosaicism. This property of females has been used to assess the origin of the Circulation, Volume 50, October 1974 cell populations in a number of tumors, including the benign uterine smooth muscle tumors, by electrophoretic assay of the pair of X-linked glucose-6-phosphate dehydrogenase. Analysis of the fibrous plaques by the method indicated is somewhat more complicated than the analysis of the leiomyomas because of the following: While many lesions of the arterial intima are clearly discrete, the presence of blood and of infiltrated blood cells provided some background "noise." Furthermore, as we have found, there is a tendency for the plaques to interdigitate or to overlap. Moreover, many small plaques are frequently present; this makes it essential to monitor the histology of the site. In spite of this "noise" a reasonably clear answer emerged.
In the original paper we reported the findings on 30 plaques from three cases and 50 samples of nonplaque intima from four cases. 5 The data showed that fibrous caps, even of relatively large plaques, appear to be composed of cells that produce solely or predominately one enzyme type. On the other hand, the arterial media seems regularly to be composed of a mixture of cell types in samples as small as 0.1 cubic mm of tissue. Further experiments provide consistent support of the original data: Analysis of 12 more plaques from four more cases including one coronary plaque has yielded enzyme patterns consistent with a monoclonal character of the plaques against a background of mixtures of the two cell types for the intima and inner media.
The apparent monoclonal character of the atherosclerotic plaques invited further exploration of the idea that these proliferative lesions have properties resembling benign neoplasms. One feature of neoplasms expressed by some on culture of their cells in vitro is an apparently infinite capacity to divide. This is in contrast to a finite replicative life span for normal somatic cells.9 With this idea in mind, Dr The evidence indicating that the plaques are monoclonal proliferations and the implication that monoclonal growths are, at least in a general sense, neoplasms invites us to look anew at factors which could be involved in the pathogenesis of atherosclerosis. The pattern suggested for the atherosclerotic plaques is parallel to those that operate on other tissues to produce neoplasia. In using this approach it seems well to take into account the general and special features of arteries and their function as conduits for blood plasma and its constituents.
We can factor the pathogenesis of the fibrous plaque into three stages as follows: In the initial phase some factors acting on cells of the inner lining of the arteries cause a change (mutation). Such scattered, altered cells in a "subthreshold neoplastic state" can exist for years unexpressed, unless called upon to multiply." In order for such cells to express their special potential for multiplying they must be "encour- Thrombosis as an initiating cause of atherosclerosis does not seem an immediately tenable postulation. Drs. Steven Schwartz and I have looked at experimental lesions produced by injury of the aortic lining with a balloon catheter. In this injury model thrombosis does not appear as a significant feature. Platelet sticking is absent over much of the denuded area. While it occurs early in some areas, it is gone in a few days and no evidence of a thrombus with organization is found. On the other hand there is no doubt that thrombosis is a feature of the disease that, in its later stages, one sees with reasonable regularity. The mechanism of thrombosis must be left for discussion elsewhere.
Factors which need to be considered as acting in the initial stage or in the origination of atherosclerosis, as has been shown for neoplasms, are such things as mutagens, viral, chemical, or physical. These likely act on a background of genetic susceptibility of the whole individual or some particular portion of an individual's cells. Operating in the second stage may be any one of a series of factors accelerating or stimulating proliferation of the cell population containing the altered subset of cells. Moreover, some selective feature may be acting in this stage to permit the altered cell population to display a conditiondependent advantage over the "normal" population. In 
